Hardware offsets and quantisation errors may cause performance degradation. 
Fig. 2 BER comparison for nonminimum phase channel
U linear adaptive filter e 2-layer perceptron 0 3-layer perceptron n 2-layer perceptron with decision feedback 0 2-layer perceptron with decision feedback using neuro-chip sets Fig. 3 shows actual signals which are measured using an oscilloscope in the case of the nonminimum phase channel, H2(z). The first signal is an input generated in the host computer, and the second signal is the output of the channel that is also the input of the analogue neuro-chip. The third signal is the output of the analogue neuro-chip, and the last one is the result of thresholding.
Fig. 3 Equalisation in experiments for nonminimum phase channel

Conclusions:
In this Letter, a new modular analogue neuro-chip set with an on-chip learning capability is presented for adaptive nonlinear equalisers. Using the analogue neural equaliser, digital telecommunication receivers do not need, and can eliminate, supplementary devices such as analogue-to-digital converters and digital equalisers. Although several chips are used for experiments, one-chip integration is readily possible. The chips operate in real time, even with nonminimum phase channels. Building on the results in [l], the authors have determined that the gain dynamics of a doped-fibre amplifer are completely specified by its total number of excited ions whose time behaviour is described by a simple first-order differential equation. An equivalent electrical circuit is derived, so that any circuit analysis package can be used to solve for complex networks of optical fibre amplifiers.
Introduction: Transparent wavelength routed optical networks (WRON) will form large meshes of interconnected fibre links and cross-connects. Doped-fibre amplifiers will become key components of such networks, and a study of their gain dynamics in a networking scenario is essential for the WRON design.
In this Letter, we build on the results of [l] , and show that the gain dynamics of a doped-fibre amplifier are completely specified by its total number of excited ions whose time behaviour is described by a simple first-order differential equation. Such an equation can also describe the time behaviour of an equivalent capacitive electrical circuit. Any circuit analysis package can then be used to solve for complex networks of optical fibre amplifiers.
Analysis:
We start from the rate and photon equations used in [l]), derived assuming a two-level system for the dopant ions, an homogeneously broadened gain spectrum, no background loss, and no self-saturation by spontaneous emission (ASE). The rate equation for the fraction of excited ions N2, 0 4 N2 4 1, is (z, t) dz is the total number of excited ions in the amplifier, which we call the 'reservoir'; it is a number between 0 and PAL.
G k ( t ) = B k~( t )
From eqn. 3, it is clear that the log-gains of all channels are linear functions of the reservoir r only. We can also rewrite eqn. 3 in a more familiar form as Gk(t) = pLri, (o?x(t) -( T : ) , where x(t) 4 (l/L)J,LN,(z, t)dz is the mean fraction of excited ions [2] .
Multiplying both sides of eqn. 1 by dz and integrating from 0 to L yields Using eqn. 3 in eqn. 4, we finally obtain a first-order differential equation describing the dynamic time behaviour of the system's state, i.e. the reservoir r(t):
Once the initial condition r(0) = r, is specified, the solution of eqn. 5 is unique. ro can be any number in the allowed range [0, PAL] . However, if at time t = @, i.e. one instant before the start of the observation period, the amplifier is at equilibrium, then r, must satisfy eqn. 5 with i(@) = 0:
which is the well-known Saleh steady state equation [3] . For a starting guess in its numerical solution, the upper bound zC,"io Q:(O-) can be used.
Note that, since by eqn. 5 the derivative of r exists, r is a continuous function of t, even when the inputs { Qp} are discontinuous.
In exactly the same way as for charge on a capacitor, the reservoir cannot 'jump' instantaneously. Note also that eqn. 5 has a nice physical meaning: the variation of the reservoir (the 'charge' on the amplifier) is given by the total input flux C:OQ"', minus the output flux CJo Qy', minus the spontaneous decay from the excited level Y/T. Hence, by identifying photon fluxes with currents, and the reservoir with the charge on a capacitor, or better yet with the voltage across a capacitor of capacity C = 1, we obtain the equivalent electric circuit depicted in Fig. la . The circuit is composed of N input current sources (the channels) and of a pump channel 0, hidden inside the amplifier. The currents feed the capacitor, whose voltage is the reservoir r. The currents out are voltage-controlled current generators, whose gain is g,(r) = eGi@). The output pump current is shunted to ground and does not exit the amplifier. The RC constant of the capacitive circuit is z. However, this is an active circuit, and it is clear that the actual time constants involved in the dynamics are essentially independent of 7 . 
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The circuit model for a subsequent loss L is shown in Fig. lb . It is simply a bank of current-controlled current generators that shunt part of the output photons to ground, effectively wasting them.
Using these building blocks for the amplifier and the loss, any complex network of amplifiers is readily solved by any electric circuit simulator available on the market. 
